1/1 


AD-A145  066  NATIONAL  PROGRAM  FOR  INSPECTION  OF  NON-FEDERAL  DAMS 

COES  RESERVOIR  DAM  MA.  .  <U>  CORPS  OF  ENGINEERS  MALTHAM 
MR  NEW  ENGLAND  DIV  AUG  78 


UNCLASSIFIED 


F/G  13/13 


NL 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OF  ST ANDARDS- 1 963-A 


jrrrFre|=|5|r 


OTIC  FILE  copy  >  AD-A145  066 


BLACKSTONE  RIVER  BASIN 
WORCESTER,  MASSACHUSETTS 


m 


50ES  RESERVOIR  DAM 
MA  00120 


PHASE  I  INSPECTION  REPORT 
riONAL  DAM  INSPECTION  PROGRAM 


S 


DTIC 

.ELECTED 


SEP  5 


DEPARTMENT  OF  THE  ARMY 
NEW  ENGLAND  DIVISION,  CORPS  OF  ENGINEERS 

WALTHAM,  MASS.  02154 _ 

distribution  statement  a 

Approved  for  puhli.r  release;  ! 

AUGUST,  1978  - 


84  09  05  060 


SECURITY  CLASSIFICATION  of  This  PACE  (Whmn  Dmt*  tnfrmd) 


REPORT  DOCUMENTATION  PAGE 


I.  REPORT  NUMBER 

MA  00120 _ 


4  title  rand  Subiii/*; 

Coes  Reservoir  Dam 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


RECIPIENT'S  CATALOG  NUMBER 


*.  TYPE  OP  REPORT  A  PERIOD  COVERED 


INSPECTION  REPORT 


NATIONAL  PROGRAM  FOR  INSPECTION  OF  NON-FEDERAL 


7.  AUTHOR!*! 


S.  PERFORMING  ORG.  REPORT  NUMBER 


•  .  CONTRACT  OR  GRANT  HUMBERT*.) 


U.S.  ARMY  CORPS  OF  ENGINEERS 
NEW  ENGLAND  DIVISION 


»•  performing  organization  name  and  AODRESS 


<).  controlling  office  name  and  address 

DEPT.  OF  THE  ARMY,  CORPS  OF  ENGINEERS 

NEW  ENGLAND  DIVISION,  NEDED 

424  TRAPELO  ROAD,  WALTHAM,  MA.  02254 


4.  MONITORING  AOCNCV  NAME  t  ADDRESS!//  Mil* rani  tmm  Cnmnailind  OHKaj  I  IS.  SECURITV  CLASS-  (•*  (Ala  nawt) 


IS.  NUMBER  OF  PAGES 

60 


is.  distribution  statement  r*i  <Aia  *a»arij 


UNCLASSIFIED 


APPROVAL  FOR  PUBLIC  RELEASE:  DISTRIBUTION  UNLIMITED 


it.  distribution  STATEMENT  (*«  (Aa  aAatract  an  (ana  d  In  Black  M.  II  dlflacan  I  treat  BapaatJ 


ib.  supplementary  notes 


Cover  program  reads:  Phase  I  Inspection  Report,  National  Dam  Inspection  Program; 
however,  the  official  title  of  the  program  Is:  National  Program  for  Inspection  of 
Non-Federal  Dams;  use  cover  date  for  date  of  report. 


IS.  KEY  BOROS  fConlmua  an  raaara*  aid*  II  nacaaaaay  and  Id anll/r  Ar  Alack  nil  Aar) 

DAMS,  INSPECTION,  DAM  SAFETY, 

Blackstone  River  Basin 
Worcester,  Massachusetts 


to.  ABSTRACT  rCanilnua  an  ravara*  aid*  II  naeaacary  and  Idanuly  Ay  Alack  Nadar) 

Coes  Reservoir  Dam  is  an  earthfill  dam  with  a  700  foot  long  and  20  foot  high 
embankment.  Generally,  the  Coes  Reservoir  Dam  is  considered  to  be  in  fair  condit 
and  has  been  classified  in  the  "High"  hazard  category.  Based  on  size  and  hazard 
classifications,  the  test  flood  is  one-half  the  probable  maximum  flood. 


COITION  of  I  NOV  ••  It  OBSOLETE 


DEPARTMENT  OF  THE  ARMY 

NEW  ENGLAND  OIVISION.  CORPS  OF  ENGINEERS 
424  TRAPELO  ROAD 
WALTHAM.  MASSACHUSETTS  02154 


NEDED-E 
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Honorable  Edward  J.  King 
Governor  of  the  Commonwealth  of 
Massachusetts 
State  House 
Boston,  Mas sacViu setts 


Dear  Governor  King: 

Inclosed  is  a  copy  of  the  Coes  Reservoir  Dam  Phase  I  Inspection 
Report,  which  was  prepared  under  the  National  Program  for  Inspection 
of  Non-Federal  Dams.  The  report  is  based  upon  a  visual  inspection,  a 
review  of  past  performance,  and  a  preliminary  hydrological  analysis. 

A  brief  assessment  is  Included  at  the  beginning  of  the  report. 

The  preliminary  hydrologic  analysis  has  indicated  that  the  spillway 
capacity  for  the  Coes  Reservoir  Dam  would  likely  be  exceeded  by  floods 
greater  than  17  percent  of  the  Probable  Maximum  Flood  (PMF) ,  the  test 
flood  for  spillway  adequacy.  Our  screening  criteria  specifies  that  a 
dam  of  this  class  which  does  not  have  sufficient  spillway  capacity  to 
discharge  fifty  (50)  percent  of  the  PMF,  should  be  adjudged  as  having 
a  seriously  Inadequate  spillway  and  the  dam  assessed  as  unsafe,  non¬ 
emergency,  until  more  detailed  studies  prove  otherwise  or  corrective 
measures  are  completed. 

The  term  "unsafe*'  applied  to  a  dam  because  of  an  inadequate  spillway 
does  not  indicate  the  same  degree  of  emergency  as  that  term  would  if 
applied  because  of  structural  deficiency.  It  does  Indicate,  however, 
that  a  severe  storm  may  cause  overtopping  and  possible  failure  of  the 
dam,  with  significant  damage  and  potential  loss  of  life  downstream. 

It  is  recommended  that  within  twelve  months  from  the  date  of  this 
report  the  owner  of  the  dam  engage  the  services  of  a  professional  or 
consulting  engineer  to  determine  by  more  sophisticated  methods  and 

procedures  the  magnitude  of  the  spillway  deficiency.  Based  on  this 
determination,  appropriate  remedial  mitigating  measures  should  be 
designed  and  completed  within  24  months  of  this  date  of  notification. 
In  the  interim  a  detailed  emergency  operation  plan  and  warning  system 

should  be  promptly  developed.  Durine  periods  of  unusually  heavy 
pre>'.l,,i cation,  round- trie-clock  surveillance  snould  be  provided. 


NEhED-E 

Honorable  Edvard  J.  King 

I  have  approved  the  report  and  support  the  findings  and  recommenda¬ 
tions  described  In  Section  7,  with  qualifications  as  noted  above.  I 
request  that  you  keep  me  informed  of  the  actions  taken  to  implement 
these  recommendations  since  this  follow-up  is  an  Important  part  of  the 
non-Federal  Dam  Inspection  Program. 

A  copy  of  this  report  has  been  forwarded  to  the  Department  of  Environ¬ 
mental  Quality  Engineering,  the  cooperating  agency  for  the  Common¬ 
wealth  of  Massachusetts.  This  report  has  also  been  furnished  to  the 
owner  of  the  project,  Coes  Knife  Company,  72  Coes  Street,  Worcester, 
Massachusetts  01603. 

Copies  of  this  report  will  be  made  available  to  the  public,  upon 
request  to  this  office,  under  the  Freedom  of  Information  Act,  thirty 

days  from  the  dace  of  this  letter. 

I  wish  to  take  this  opportunity  to  thank  you  and  the  Department  of 
Environmental  Quality  Engineering  for  the  cooperation  extended  in 
carrying  out  this  program. 

Sincerely, 

MAX  B.  SCH EIDER 

Colonel,  Corps  of  Engineers 

Division  Engineer 
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Identification  No. :  MA00120 

Name  of  Dam:  Coes  Reservoir 
Town:  Worcester 

County  and  State:  Worcester  County,  Massachusetts 

Stream:  Tatnuck  Brook,  a  tributary  of  the  Blackstone 
River 

Date  of  Inspection:  July  24,  1978 


Built  in  1865,  Coes  Reservoir  Dam  is  an 
earthfill  dam  with  a  700-foot  long  and  20-foot  high 
embankment.  The  Coes  Knife  Company  buildings  are 
located  immediately  downstream  of  the  dam,  and 
grinding  grit  fill  from  the  company  has  been  placed  on 
the  dam  over  the  years.  A  broad-crested  spillway  is 
located  near  the  north  abutment.  The  concrete  weir  is 
38.5  feet  long  with  a  crest  elevation  (El)  of  501. 
Normal  discharge  flows  over  the  weir,  down  a  stone- 
lined  channel,  and  into  Lower  Coes  Pond.  There  is  an 
abandoned  36-inch  diameter  intake  conduit  which  has 
been  sealed  off  at  the  upstream  face  of  the  dam. 
Discharge  from  the  conduit  was  into  a  tailrace  channel 
which  is  located  at  the  toe  of  the  dam  and  leads  to 
the  spillway  discharge  channel. 

The  only  plans,  specifications,  or  computations 
available  from  the  Owner,  State,  or  County  offices  on 
the  design,  construction,  and  repair  of  this  dam  are  a 
topographic  survey  of  the  spillway  area,  dated  July 
1956,  and  a  hydraulic  and  model  analysis  of  the 
spillway,  dated  December  1958. 

Due  to  its  age,  Coes  Reservoir  Dam  was  neither 
designed  nor  constructed  according  to  current  approved 
state-of-art  procedures.  Based  upon  the  visual 


inspection  at  the  site,  the  lack  of  engineering  data, 
and  the  limited  evidence  of  operational  or  maintenance 
procedures,  it  was  determined  that  various  conditions 
must  be  corrected  to  assure  the  continued  performance 
of  this  dam.  Generally,  the  Coes  Reservoir  Dam  is 
considered  to  be  in  fair  condition  and  has  been 
classified  in  the  "high"  hazard  category. 

The  following  visible  signs  of  distress 
indicate  a  potential  hazard  at  the  site:  erosion  and 
lack  of  protection  on  the  steep  upstream  face  of  the 
dam;  deterioration  of  the  concrete  and  stone  training 
walls  of  the  spillway;  cracking  and  collapse  of  the 
concrete  side  channel  in  the  discharge  channel; 
seepage  from  the  upstream  wall  of  the  tailrace  channel 
and  north  wall  of  the  discharge  channel;  and  a  dense 
growth  of  brush  and  trees  on  the  dam  embankment  and 
the  downstream  areas . 

Hydraulic  analyses  indicate  that  the  existing 
spillway  can  discharge  a  flow  of  1,458  cfs  at  El  506.3 
which  is  the  low  point  on  the  crest  of  the  dam  . 

Based  on  size  and  hazard  class  if icaions ,  in  accordance 
with  Corps  guidelines,  the  test  flood  is  one-half  the 
probable  maximum  flood.  An  inflow  test  flood  of 
10,000  cfs  adjusted  for  surcharge  storage  results  in 
an  outflow  of  8.500  cfs.  This  will  overtop  the  main 
dam  by  about  3.4  feet.  The  spillway  is  inadequate 
since  it  can  discharge  only  17  percent  of  the  test 
flood  before  the  dam  is  overtopped.  Since  overtopping 
could  result  in  complete  failure  of  the  dam,  it  is 
recommended  that  a  definite  surveillance  plan  and 
warning  system  be  developed  for  use  during  periods  of 
unusually  heavy  rains  and/or  runoff.  This  system 
should  be  coordinated  with  the  operators  of  the 
upstream  reservoirs  (Holden  No.  1  and  No.  2). 

It  is  recommended  that  the  Owner  employ  the 
services  of  a  qualified  consultant  to  (1)  evaluate  the 
stability  of  the  dam  and  seepage  along  the  upstream 
wall  of  the  tailrace  channel  and  (2)  conduct  a  more 
detailed  hydraulic  and  hydrologic  study  for  the  entire 
drainage  area.  It  is  also  recommended  that  the  Owner 
construct  an  adequate  spillway  based  on  the  studies 
recommended  above;  repair  the  upstream  embankment 
slopes  by  filling  in  eroded  areas,  flatten  the  slope 
and  protect  it  with  riprap;  repair  eroded  concrete  and 
loose  stonework  in  the  existing  spillway;  remove  the 
concrete  side  channel  from  the  discharge  channel; 
clear  trees  and  brush  from  the  dam  embankment  and 


downstream  areas;  and  clear  debris  and  trash  from  the 
spillway  crest  and  downstream  channel.  The  Owner 
should  also  Implement  a  systematic  program  of 
Inspection  and  maintenance. 


The  above  recommendations  should  be  implemented 
within  a  period  of  one  to  two  years  after  receipt  of 
the  Phase  I  Inspection  Report.  An  alternative  to 
these  recommendations  would  be  draining  tjie  reservoir^ 
and  breaching  or  removing  the  dam. 


Edward  m7  Greco,  P, 
Project  Manager 
Metcalf  &  Eddy,  Inc. 

Connecticut  Registration 
No.  08365 


Approved  by! 


Stephen  L.  Bishop,  P.E. 
Vice  President 
Metcalf  &  Eddy,  Inc. 

Massachusetts  Registration 
No.  19703 


SAUL  COOPER,  Member 
Chief,  Water  Control  Branch 
Engineering  Division 


APPROVAL  RECOMMENOEO: 


PREFACE 


This  report  is  prepared  under  guidance 
contained  in  Recommended  Guidelines  for  Safety 
Inspection  of  Dams,  for  a  Phase  t  Investigation. 

Copies  of  these  guidelines  may  be  obtained  from  the 
Office  of  Chief  of  Engineers,  Washington,  D.  C. 

20314.  The  purpose  of  a  Phase  I  Investigation  is  to 
identify  expeditiously  those  dams  which  may  pose 
hazards  to  human  life  or  property.  The  assessment  of 
the  general  condition  of  the  dam  is  based  upon 
available  data  and  visual  inspections.  Detailed 
investigation,  and  analyses  involving  topographic 
mapping,  subsurface  investigations,  testing,  and 
detailed  computational  evaluations  are  beyond  the 
scope  of  a  Phase  I  investigation;  however,  the  in¬ 
vestigation  is  intended  to  identify  any  need  for  such 
studies . 

In  reviewing  this  report,  it  should  be 
realized  that  the  reported  condition  of  the  dam  is 
based  on  observations  of  field  conditions  at  the  time 
of  inspection  along  with  data  available  to  the 
inspection  team.  In  cases  where  the  reservoir  was 
lowered  or  drained  prior  to  Inspection,  such  action, 
while  improving  the  stability  and  safety  of  the  dam, 
removes  the  normal  load  on  the  structure  and  may 
obscure  certain  conditions  which  might  otherwise  be 
detectable  if  inspected  under  the  normal  operating 
environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of 
a  dam  depends  on  numerous  and  constantly  changing 
internal  and  external  conditions,  and  is  evolutionary 
in  nature.  It  would  be  incorrect  to  assume  that  the 
present  condition  of  the  dam  will  continue  to 
represent  the  condition  of  the  dam  at  some  point  in 
the  future.  Only  through  continued  care  and 
inspection  can  there  be  any  chance  that  unsafe 
conditions  be  detected. 

Phase  I  inspections  are  not  intended  to  provide 
detailed  hydrologic  and  hydraulic  analyses.  In  ac¬ 
cordance  with  the  established  Guidelines,  the  Spillway 
Test  flood  is  based  on  the  estimated  "Probable  Maximum 
Flood”  for  the  region  (greatest  reasonably  possible 
storm  runoff),  or  fractions  thereof.  Because  of  the 
magnitude  and  rarity  of  such  a  storm  event,  a  finding 
that  a  spillway  will  not  pass  the  test  flood  should  not 
be  interpreted  as  necessarily  posing  a  highly  inade¬ 
quate  condition.  The  test  flood  provides  a  measure  of 
relative  spillway  capacity  and  serves  as  an  aid  in 
determining  the  need  for  more  detailed  hydrologic  and 
hydraulic  studies,  considering  the  size  of  the  dam,  its 
general  conditions  and  the  downstream  damage  potential. 
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LOCATION  MAP  •  COES  RESERVOIR  DAM 


NATIONAL  DAM  INSPECTION 
PROGRAM 

PHASE  I  INSPECTION  REPORT 

COES  RESERVOIR 
SECTION  1 

PROJECT  INFORMATION 


1. 1  General 


a.  Authority.  Public  Law  92-367,  August  8, 

1972,  authorized  the  Secretary  of  the  Army, 
through  the  Corps  of  Engineers,  to  initiate  a 
national  program  of  dam  inspection  throughout 
the  United  States.  The  New  England  Division  of 
the  Corps  of  Engineers  has  been  assigned  the 
responsibility  of  supervising  the  inspection  of 
dams  within  the  New  England  Region.  Metcalf  & 
Eddy,  Inc.  has  been  retained  by  the  New  England 
Division  to  inspect  and  report  on  selected  dams 
in  the  State  of  Massachusetts.  Authorization 
and  notice  to  proceed  was  issued  to  Metcalf  & 
Eddy,  Inc.  under  a  letter  of  May  3,  1978,  from 
Ralph  T.  Garver,  Colonel,  Corps  of  Engineers. 
Contract  No.  DACW  33-78-C-0306  has  been  as¬ 
signed  by  the  Corps  of  Engineers  for  this  work. 

b.  Purpose: 

(1)  Perform  technical  inspection  and  evalua¬ 
tion  of  non-Federal  dams  to  identify  con¬ 
ditions  which  threaten  the  public  safety 
and  thus  permit  correction  in  a  timely 
manner  by  non-Federal  interests. 

(2)  Encourage  and  assist  the  States  to  ini¬ 
tiate  quickly  effective  dam  safety  pro¬ 
grams  for  non-Federal  dams. 

(3)  Update,  verify  and  complete  the  National 
Inventory  of  Dams. 
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1.2 


Description  of  Project 


a.  Location.  The  dam  is  located  in  the  City  of 
Worcester,  Worcester  County,  Massachusetts, 
on  Tatnuck  Brook,  a  tributary  of  the  Black- 
stone  River.  Patch  Reservoir  and  Patch  Pond 
are  located  immediately  upstream  of  Coes 
Reservoir.  Downstream  of  the  dam  and  Coes 
Pond,  the  stream  joins  Beaver  Brook,  which 
flows  into  Kettle  Brook  and  eventually  dis¬ 
charges  into  the  Middle  River  (see  Location 
Map  and  Watershed  Plan  Figure  D-l). 

b.  Description  of  Dam  and  Appurtenances.  Coes 
Reservoir  Dam  is  mostly  an  earthfill  dam,  700 
feet  long  and  20  feet  high  (see  Dam  Plan  and 
sections  in  Appendix  B).  The  embankment  also 
contains  grinding  grit  fill  from  Coes  Knife 
Company  and  miscellaneous  fill  from  street 
demolition.  Over  the  years,  these  materials 
were  added  to  the  dam  to  increase  its  width 
and  height  as  well  to  dispose  of  waste  from 
the  grinding  operation.  The  impervious  core 
of  the  dam  was  constructed  of  oak  and  brick 
sheeting  with  a  puddled  trench.  (See  in¬ 
spection  list  from  the  Worcester  County 
Engineer’s  office.  Appendix  B).  The  crest  of 
the  dam  is  generally  about  30  feet  wide, 
however,  in  the  abutment  areas,  the  actual 
crest  width  is  indeterminate  because  of  exten¬ 
sive  filling  to  develop  Lakeside  Avenue 
(north  abutment)  and  a  parking  lot  for  Coes 
Knife  Company  (south  abutment).  The  crest  of 
the  dam  varies  from  El  506.3  to  El  508.3. 

The  upstream  slope  of  the  embankment  slope  is 
generally  1:1  (horizontal: vertical) ,  except 
for  the  portion  north  of  the  spillway  which 
is  5*-l.  The  downstream  slope  is  highly 
irregular  due  to  dumping  of  grinding  grit; 
the  slope  is  generally  3:1  to  5:1,  but  a  very 
flat  area  occurs  near  the  abutments  (40:1  at 
Lakeside  Avenue)  and  a  vertical  stone  wall 
exists  at  the  toe  of  the  dam.  This  wall  is 
part  of  a  tailrace  channel  that  leads  into 
the  main  discharge  channel  downstream  of  the 
spillway. 

The  spillway  is  a  broad-crested  weir  construc¬ 
ted  of  stone  masonry  training  walls;  concrete¬ 
faced  stone  masonry  side  walls;  and  a  concrete 
crest.  The  training  walls  are  about  10  feet 


2 


long  and  form  the  sides  to  the  approach 
channel.  The  crest,  which  is  38.5  feet  long, 
is  at  El  501.0. 


The  spillway  side  walls  are  5.**  feet  high. 
There  is  a  1-foot-wide  metal  sill  embedded  in 
the  upstream  edge  of  the  crest,  and  metal 
slides  in  the  side  walls  which  were  pre¬ 
viously  used  as  a  frame  to  support  flash- 
boards.  There  are  also  four  steel  I-beams 
embedded  in  the  crest  that  were  used  to 
support  a  bridge  over  the  spillway.  The 
I-beams  have  been  cut  off  approximately  level 
with  the  top  of  the  weir.  The  stone-lined 
downstream  channel  is  38  feet  wide,  110  feet 
long,  and  slopes  at  about  7:1.  The  side 
walls  are  dry-stone  masonry  and  are  about  4 
feet  high.  A  concrete  channel,  4  feet  wide 
and  2  feet  deep,  is  located  on  the  bottom  of 
the  discharge  channel  along  the  north  wall. 

An  abandoned  intake  conduit  for  a  waterwheel 
is  located  130  feet  south  of  the  spillway. 
This  36-inch  diameter  iron  pipe  has  an  intake 
upstream  in  the  pond.  Before  it  was  cut  off 
by  steel  sheet  piling  driven  in  the  upstream 
face  of  the  dam,  the  conduit  carried  flow 
beneath  the  dam  and  into  a  gatehouse  at  Coes 
Knife  Company,  located  at  the  toe  of  the  dam. 
A  gate  valve  is  located  in  the  gatehouse,  but 
it  is  rusted  and  inoperable.  The  flow  from 
the  waterwheel  discharged  into  a  tailrace 
channel,  also  located  along  the  toe  of  the 
dam.  The  channel  is  13  to  22  feet  wide,  8 
feet  deep,  and  150  feet  long.  It  is  made  of 
vertical,  dry-stone  masonry  walls  and  is 
recessed  below  the  ground  surface.  This 
tailrace  channel  intersects  the  main  dis¬ 
charge  channel  about  130  feet  downstream  of 
the  spillway. 

Size  Classification.  Coes  Reservoir  Dam  is 
classified  in  the  "small”  category  since  it 
has  a  maximum  height  of  20  feet  and  a  maximum 
storage  capacity  of  1,400  acre-feet. 

Hazard  Classification.  The  Coes  Knife 
Company  is  located  at  the  toe  of  the  dam.  In 
addition,  highly  developed  residential  areas 
on  Coes  Road  and  Lakeside  Avenue  are  located 


downstream  of  the  dam.  In  the  event  of 
overtopping  or  complete  failure  of  the  dam, 
more  than  a  few  lives  could  be  lost  and 
considerable  property  damage  could  occur. 
Accordingly,  the  dam  has  been  placed  in  the 
"high”  hazard  category. 

Ownership.  The  dam  is  presently  owned  by  the 
Coes  Knife  Company,  72  Coes  Street,  Worces¬ 
ter,  Massachusetts  01603.  Messrs.  Jim 
Hlllhouse  and  Joseph  Lajeunesse 
(617-755-2573)  granted  permission  to  enter 
the  property  and  to  inspect  the  dam. 

Operator.  There  are  no  operators  of  this  dam 
since  there  are  no  existing  operational 
features.  The  Coes  Knife  Company  is  located 
immediately  downstream  of  the  dam  and  as 
Owner  occasionally  inspects  the  dam  and 
appurtenances . 

Purpose  of  Dam.  The  dam  was  originally  built 
to  provide  water  to  a  waterwheel  for  opera¬ 
ting  machinery  and  for  cooling  purposes  at 
the  Coes  Knife  Company.  The  pond  was  also 
used  for  the  production  of  ice  at  the  Walker 
Ice  Company  which  was  located  in  the 
present-day  Lakeside  Avenue  area.  In  1936, 
the  Intake  conduit  to  Coes  Knife  Company  was 
cut  off.  Presently,  the  reservoir  Is 
primarily  used  for  recreational  activities, 
such  as  swimming  and  fishing. 

Design  and  Construction  History.  According 
to  information  provided  by  the  Owner,  the 
original  earth  dam  was  designed  by  Loring 
Coes  and  built  in  1865.  It  was  raised  in 
1871  and  1872,  and  a  final  4  feet  was  added 
in  1895*  A  road  which  originally  crossed  the 
pond  was  relocated  along  the  crest  of  the 
dam,  and  a  vehicular  bridge  was  placed  over 
the  spillway  to  provide  access  to  the  Walker 
Ice  Company,  located  in  the  Lakeside  Avenue 
area.  Previous  inspection  reports  indicate 
that  flashboards  were  in  use  on  the  spillway 
crest  as  early  as  1931. 


During  the  floods  in  March  1936,  the  dam  was 
breached  to  a  depth  of  4  feet  near  the  south 
abutment,  and  water  flowed  down  Coes  Street 
into  Webster  Square.  During  the  flooding,  it 
was  found  that  the  gate  valve  on  the  intake 
conduit  was  rusted  and  inoperable. 

Therefore,  in  December  1936,  steel  sheet 
piling  was  driven  through  the  pipe  to  seal  it 
off. 

In  late  1954  and  early  1955,  a  plan  to 
enlarge  the  spillway  to  44  feet  long  and  8 
feet  high  was  discussed  by  Coes  Knife  Company 
and  the  Worcester  County  Commissioners.  In 
the  August  1955  hurricane,  the  water  level 
rose  to  the  crest  of  the  dam.  The  embankment 
north  of  the  spillway  was  partially  washed 
out  and  the  north  wall  of  the  spillway  was 
damaged.  Coes  Knife  Company  was  directed  by 
the  Worcester  County  Commissioners  on 
September  16,  1955  (see  Appendix  B)  to 
enlarge  the  spillway  and  provide  a  new  outlet 
conduit,  fill  in  the  dam  embankment,  and 
riprap  the  upstream  face.  In  July  1956,  the 
embankment  was  widened  5  to  8  feet  along  the 
upstream  face  using  grinding  grit  fill  from 
the  company  and  road  demolition  fill  provided 
by  the  City  of  Worcester.  (Reports  and 
correspondence  describing  these  events  are 
included  in  Appendix  B).  By  August  1956,  the 
vehicular  bridge  over  the  spillway  had  been 
removed,  and  the  flashboards  were  removed  at 
about  the  same  time. 

In  1958,  a  model  study  for  the  design  of  a 
spillway  was  completed  by  Professor  Hooper  at 
the  Alden  Hydraulic  Laboratory  at  Worcester 
Polytechnic  Institute.  (A  copy  of  that 
report  and  the  proposed  redesign  of  the 
spillway  is  given  in  Appendix  D.)  The  new 
spillway  was  never  constructed. 

According  to  the  Owner,  additional  filling 
and  widening  of  the  dam  embankment  with 
grinding  grit  from  the  Coes  Knife  Company 
continued  from  1956  to  until  about  1975. 

After  1975,  the  grinding  grit  was  disposed  of 
offsite.  There  are  no  drawings  or  records 
that  show  the  exact  limits  or  extent  of  the 
filling. 
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i.  Normal  Operating  Procedure.  There  are  no 
normal  operating  procedures  at  the  dam.  The 
only  outlet  conduit  was  a  36-inch  diameter 
iron  pipe  and  a  gate  valve  at  Coes  Knife 
Company.  The  conduit  was  cut  off  by  sheet 
piling  in  1936. 

The  spillway  for  Coes  Reservoir  Dam  is 
ungated  and  flows  are  unrestricted. 

1. 3  Pertinent  Data 


a.  Drainage  Area.  The  approximately  7»000-acre 
(10 TS  square  miles )  drainage  area  above  the 
dam  includes  the  drainage  areas  of  four  other 
upstream  reservoirs:  Holden  Reservoir  No.  1 
and  No.  2,  which  are  Worcester  County  water 
supply  reservoirs;  and  Cook  Pond  and  Patch 
Reservoir  which  are  recreational  ponds  (see 
Watershed  Plan,  Figure  D-l).  The  northern 
two-thirds  of  the  drainage  area,  including 
the  reservoir  watersheds  and  the  Cook  Pond 
drainage  area,  is  sparsely  developed,  heavily 
wooded,  and  has  moderately  steep  slopes.  The 
southern  third  of  the  drainage  area, 
including  Patch  and  Coes  Reservoirs,  is 
moderate  to  densely  developed,  partially 
wooded,  and  has  gentle  to  moderately  steep 
slopes . 

Discharge  from  Coes  Reservoir  is  to  Lower 
Coes  Pond  which  has  a  dam  1,300  feet 
downstream.  Water  then  Joins  Beaver  Brook 
and  flows  south  to  Kettle  Brook  at  Curtis 
Ponds  Dam  in  Webster  Square.  This  is  a 
highly  developed  commercial  area  located  0.8 
miles  downstream  of  the  Coes  Reservoir  Dam. 
Flow  then  continues  east  in  Middle. River  and 
eventually  to  the  Blackstone  River  below 
Quinsigamond  Pond  Dam. 

b.  Discharge.  Normal  discharge  is  over  the 
ungated  spillway.  The  spillway  weir  is  38.5 
feet  long  and  the  crest  is  at  El  501.0. 

Water  flows  down  a  110  foot  long,  38  foot 
wide,  stone-lined  channel  which  slopes 
steeply  at  7:1.  This  channel  has  dry-stone 
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masonry  side  walls  about  4  feet  high.  Water 
then  flows  from  the  channel  downstream  in  the 
streambed  and  enters  Lower  Coes  Pond  about 
200  feet  downstream  from  the  spillway  crest. 

The  spillway  can  discharge  an  estimated  1,458 
cfs  at  El  506.3  which  is  the  low  point  on  the 
dam  crest.  An  inflow  test  flood  of  10.000 
cfs  results  in  an  adjusted  outflow  of  8,500 
cfs  with  the  water  surface  at  El  509*7.  This 
will  overtop  the  Coes  Reservoir  Dam  by  a  maxi¬ 
mum  of  3.4  feet.  The  spillway  can  discharge 
only  17  percent  of  the  outflow  before  the  dam 
is  overtopped. 

The  maximum  flood  level  at  the  dam  is  un¬ 
known.  The  dam  was  breached  to  a  depth  of  4 
feet  in  the  March  1936  flood,  but  was  not 
overtopped.  Also,  the  dam  was  not  overtopped 
during  the  August  1955  storms.  It  is  not 
known,  however,  what  the  reservoir  elevation 
was  prior  to  either  storm  or  what  effect  the 
storage  at  upstream  reservoirs  had  on  dis¬ 
charge  to  the  reservoir. 

Elevation  (feet  above  Mean  Sea  Level  (MSL) ) . 

A  benchmark  elevation  of  501.0  at  the 
spillway  crest  was  estimated  from  a  U.S.G.S. 
topographical  map. 

(1)  Top  dam:  506.3  to  508.3 

(2)  Test  flood  pool:  509.7 

(3)  Design  surcharge  (original  design): 
unknown 

(4)  Pull  flood  control  pool:  Not .Applicable 
(N/A) 

(5)  Recreation  pool:  501.0 

(6)  Spillway  crest  (ungated):  501.0 

(7)  Upstream  portal  Invert  diversion  tunnel: 
N/A 

(8)  Stream  bed  at  centerline  of  dam:  486.5 
at  toe  of  discharge  channel 

(9)  Maximum  tailwater:  None. 


d.  Reservoir 


(1) 

Length  of  maximum  pool:  3.500  feet 

• 

(2) 

Length  of  recreation  pool:  3.500  feet 

(3) 

Length  of  flood  control  pool:  N/A 

Storage  (acre-feet) 

• 

(1) 

Test  flood  surcharge:  790  at  El  509.7 

(2) 

Top  of  dam:  1,400 

(3) 

Flood  control  pool:  N/A 

• 

(4) 

Recreation  pool:  900  (Approximate) 

(5) 

Spillway  crest:  900 

Reservoir  Surface  (acres) 

• 

»(1) 

Top  dam:  91 

•(2) 

Maximum  pool:  91 

(3) 

Flood-control  pool:  N/A 

• 

(4) 

Recreation  pool:  91 

(5) 

Spillway  crest:  91 

Dam 

’’  • 

(1) 

Type:  earthfill  with  grinding  grit  fill 
and  street  demolition  fill 

(2) 

Length:  700  feet 

(3) 

Height:  0  to  20  feet 

• 

*6ased  on  the  assumption  that  the  surface  area  will  not 
significantly  Increase  with  changes  In  reservoir  eleva¬ 
tion  from  501  to  506.3. 
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(4) 

Top  width:  30  feet 

(5) 

Side  slopes:  Upstream  1:1; 
3:1  to  5:1 

downstream 

(6) 

Zoning:  Unknown 

(7) 

Impervious  core:  Oak  and  brick  sheeting 
with  puddled  trench 

(8) 

Cutoff:  Unknown 

(9) 

Grout  curtain:  Unknown 

Spillway 

(1) 

Type:  Broad  crest 

(2) 

Length  of  weir:  38.5  feet 

(3) 

Crest  elevation:  501.0  MSL 
benchmark) 

(assumed 

(4) 

Gates:  None 

(5) 

Upstream  Channel:  Mortared 
training  walls 

masonry 

(6) 

Downstream  Channel:  38-foot  wide, 
110-foot  long  discharge  channel,  slopes 
at  7:1  with  4-foot  high  side  walls 

(7) 

General:  Tailrace  channel  from  sealed 

outlet  conduit  enters  spillway  discharge 
channel  130  feet  downstream  of  crest. 

J .  Regulating  Outlets.  There  are  no  operable 
regulating  outlets  at  this  dam.  An  abandoned 
36-inch  diameter  Iron  outlet  conduit  is 
located  130  feet  south  of  the  spillway  and 
leads  to  a  gate  valve  in  Coes  Knife  Company. 
The  conduit  was  sealed  off  with  sheet  piling 
in  1936,  and  the  gate  valve  is  inoperable. 
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SECTION  2 


ENGINEERING  DATA 


2.1  General.  There  are  no  plana,  specifications,  or 
computations  available  from  the  Owner,  State,  or 
County  offices  on  the  design,  construction,  or 
repair  of  this  dam.  The  Owner  did  provide  a  file 
of  old  correspondence,  inspection  reports,  photo¬ 
graphs,  and  property  maps  for  review.  (Copies  of 
the  pertinent  information  are  included  in 
Appendix  B  and  Appendix  D. )  A  hydraulic  analysis 
and  model  study  was  conducted  for  the  spillway  at 
Coes  Reservoir  by  Professor  Hooper  at  the  Alden 
Hydraulic  Laboratory,  Worcester  Polytechnic 
Institute.  A  copy  of  the  report  was  provided  by 
the  Owner  (included  in  Appendix  D). 

A  topographic  survey  of  the  spillway  area  was  pre¬ 
pared  in  July  1956  by  A.  E.  Raymond,  an  employee 
of  the  Coes  Knife  Company.  Some  information  from 
that  survey  was  used  in  the  preparation  of  Figure 
B-l.  The  only  other  data  available  for  this 
evaluation  were  visual  observations  during  inspec¬ 
tion,  review  of  additional  inspection  reports, 
and  conversations  with  personnel  from  the  State 
and  County  agencies. 

We  acknowledge  the  assistance  and  cooperation  of 
personnel  of  the  Massachusetts  Department  of 
Public  Works:  Messrs.  Willis  Regan  and  Raymond 
Rochford,  and  of  the  Massachusetts  Department  of 
Environmental  Quality  Engineering,  Division  of 
Waterways:  Messrs.  John  J.  Hannon  and  Joseph 
Iagallo. 

Also,  we  acknowledge  the  cooperation  and  assis¬ 
tance  of  personnel  from  the  Worcester  County 
Engineer's  Office:  Messrs.  John  O'Toole,  Joseph 
Brazauskas,  and  Mr.  Wallace  Lindquist  -  recently 
retired  from  county  service. 

In  addition,  we  thank  Messrs.  Jim  Hillhouse, 

Joseph  Lajuenesse,  and  Bud  Higgins  of  the  Coes 
Knife  Company  (Owner  of  the  dam)  who  allowed  us 
to  inspect  the  dam  and  provided  us  with  infor¬ 
mation  on  the  history  and  past  performance  of  the 
dam. 


SECTION  3 
VISUAL  INSPECTION 


3.1  Findings 

a.  General.  The  Phase  I  Inspection  of  the  dam 
at  Coes  Reservoir  was  performed  on  July  24, 
1978.  A  copy  of  the  inspection  checklist  is 
included  in  Appendix  A.  This  dam  has  been 
inspected  periodically  by  others  since  1925. 

A  partial  listing  of  these  inspections  is  in 
Appendix  B.  The  most  recent  inspection  was 
conducted  on  January  10,  1973  by  representa¬ 
tives  of  the  Massachusetts  Department  of 
Public  Works.  A  copy  of  their  report, 
selected  earlier  reports,  and  correspondence 
pertaining  to  the  condition  of  the  dam  are 
included  in  Appendix  B. 

b.  Dam.  The  original  dam  is  an  earthfill  dam 
that  has  subsequently  been  filled  with  grind¬ 
ing  grit  and  road  demolition  material.  The 
grinding  grit  is  a  waste  product  from  the 
Knife  manufacturing  operation  and  is  composed 
of  steel  shavings  and  sand  particles  which 
appear  to  oxidize  and  form  a  hard  outer 
surface.  The  only  Information  on  the  zoning 
or  core  is  a  note  on  the  partial  listing  of 
previous  inspections  (page  B-2)  stating  that 
the  core  is  made  of  oak  and  brick  with  a 
puddled  trench. 

Several  signs  of  distress  were  observed,  the 
most  significant  being  erosion  of  the  up¬ 
stream  face  of  the  dam  which  is  generally  a 
1:1  slope  without  riprap.  In  several  places 
on  the  upstream  face,  the  grinding  grit  is 
being  undermined  by  wave  erosion,  causing 
local  sloughing  of  the  slope.  The  dam 
section  Just  north  of  the  spillway  consists 
of  sand  which  has  been  eroded.  In  this  area, 
undercutting  of  the  bank  along  the  upstream 
edge  of  the  crest  has  caused  portions  of  a 
chain-link  fence  to  fall. 


There  is  significant  growth  of  trees  and 
brush  on  the  dam  embankment.  The  crest  is 
fairly  clear,  but  five  large  trees,  18  to  36 


inches  in  diameter,  are  growing  there.  The 
upstream  face  has  a  moderate  growth  of  brush, 
and  the  downstream  face  is  heavily  overgrown 
P  with  brush  and  small  trees.  Seepage  was 

observed  entering  the  tailrace  from  around 
tree  roots  embedded  in  the  upstream  side  wall 
of  the  channel. 

c.  Appurtenant  Structures.  The  spillway  is  a 
broad-crested  concrete  slab  weir  with 
concrete- faced  masonry  side  walls.  Plow 
over  the  spillway  is  unrestricted.  The 
downstream  channel  is  steeply  sloping  at  7  si, 
lined  with  stone,  and  has  dry-stone  masonry 
side  walls.  There  is  a  small  concrete 
channel  adjacent  to  the  north  wall  of  the 
channel. 

The  concrete  on  the  spillway  crest  is  cracked 
and  eroded  in  places.  Debris  such  as  wood, 
stones,  and  trash  is  scattered  on  the  crest. 
The  stonework  in  the  north  training  wall  is 
loose  and  has  fallen  out  of  place.  In  the 
downstream  channel,  the  concrete  side  channel 
is  broken  and  tilted  out  of  place,  and 
sections  of  the  south  wall  have  collapsed. 
Seepage  enters  the  concrete  channel  from  the 
base  of  the  north  wall  about  35  feet  below 
the  spillway  crest.  Trash  and  other  debris 
is  scattered  on  the  floor  of  the  channel. 
Dense  vegetation  occurs  along  both  walls  of 
the  discharge  channel  and  on  the  bottom  of 
the  channel  along  the  north  wall.  The  growth 
is  mostly  brush  and  small  trees,  but  three 
large  (12-inch  to  36-inch  diameter)  trees  are 
growing  on  the  north  side.  One  tree  is  near 
where  seepage  is  flowing  into  the  concrete 
side  channel. 

An  abandoned  intake  consisting  of  a  36-inch 
diameter  iron  pipe  leads  into  a  gatehouse  at 
Coes  Knife  Company.  The  top  of  the  steel 
sheet  piling  that  cuts  off  the  pipe  can  be 
seen  in  the  upstream  face  of  the  dam  embank¬ 
ment.  The  control  valve,  located  in  the 
gatehouse  at  the  toe  of  the  dam  is  rusted  and 
leaking  slightly.  A  tailrace  channel  which 
used  to  carry  discharge  flow  from  the  gate¬ 
house  is  located  under  the  Coes  Knife  Company 
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building  and  continues  from  the  toe  of  the 
dam  to  about  130  feet  downstream  of  the 
spillway.  Seepage  occurs  at  three  points 
along  the  upstream  wall  of  the  channel, 
usually  ••  iere  tree  roots  are  embedded  1r.  the 
stonework.  The  channel  bottom  contains  some 
trash  and  other  debris. 

d.  Reservoir  Area.  The  reservoir  area  is 
densely  populated  and  contains  over  100 
residences.  The  drainage  area  is  about  7R 
percent  wooded  and  2^  percent  developed. 

Slopes  range  from  about  f'  to  20  percent.. 

e.  Downstream  Channel.  Discharge  from  the  spill¬ 
way  flows  down  a  store-lined  channel  which  is 
110  feet  long  and  has  a  slope  of  14  -percent. 
Water  then  flows  down,  a  relatively  flat  , 
sandy  streambed  for  a  distance  of  about.  100 
feet  ana  into  bower  Does  Pond.  The  lower 
pond  is  about  1  ,100  foot  long  and  is  dammed 

at  the  downstream  end  near  Tark  Avenue.  Flow 
then  moves  south  to  Middle  River  at;  Webster 
Square  and  then  east  to  the  Rlackstone  River 
below  Quins iganond  Pond  Dan. 

Eva luat ion .  The  above  findings  indicate  lhat  the 
dam  has  several  signs  of  distress  that  require 
attention.  Tt.  is  evident  thal  the  dam  has  not 
been  maintained  and  that  deterioration  will 
continue  unless  action  is  taken.  Recommended 
measures  to  improve  these  conditions  are  stated 
in  Sect  ton  7.3. 
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SECTION  1| 

OPERATION  PROCEDURES 


4.1  Procedures .  There  are  no  operational  procedures 
at  this  dam. 

4.2  Maintenance  of  Dam.  The  dam  is  not  adequately 
maintained  even  though  the  Coes  Knife  Company  is 
located  Immediately  adjacent  to  and  downstream  of 
the  dam.  Recommendations  made  to  Coes  Knife 
Company  in  1955  by  the  Worcester  County  Commis¬ 
sioners  Office  were  that:  the  embankment  needs 
flattening  and  filling,  riprap  is  required  on  the 
upstream  face,  and  trees  and  brush  need  to  be 
cleared  from  the  crest  and  downstream  face  of  the 
dam.  Also,  the  spillway  needs  repair  at  the 
north  side  wall,  the  concrete  side  channel  in  the 
discharge  channel  should  be  removed,  and  trees 
and  brush  should  be  cleared  from  the  sides  of  the 
discharge  channel.  Further,  it  was  recognized 
that  the  spillway  was  inadequate  and  should  be 
enlarged.  There  was  no  evidence  that  this  work 
was  ever  done. 

The  most  recent  maintenance  activities  (about 
1956)  have  been  the  removal  of  the  flashboards 
and  vehicular  bridge  over  the  spillway.  The  only 
other  change  to  the  dam  has  been  the  continued 
enlargement  of  the  embankment  with  grinding  grit 
from  1956  to  1975. 

4.3  Maintenance  of  Operating  Facilities.  The  intake 
conduit  to  the  wheel  house  has  been  sealed  off 
since  1936.  There  are  no  other  known  or  visible 
outlets  from  this  pond. 

4.4  Description  of  Any  Warning  Systems  in  Effect. 
There  are  no  warning  systems  in  effect  at  this 
dam. 

4.5  Evaluation.  There  are  no  operational,  main¬ 
tenance,  or  warning  systems  in  effect  at  Coes 
Reservoir  Dam.  This  is  extremely  undesireable 
considering  that  the  dam  is  in  the  "high”  hazard 
category.  A  program  of  operation  and  maintenance 
should  be  implemented,  as  recommended  in  Section 
7.3. 
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SECTION  5 

HYDRAULIC/HYDROLOGIC 


5.1  Evaluation  of  Features 


a.  Design  Data.  The  total  drainage  area  for 
Coes  Reservoir  Is  approximately  10.9  square 
miles.  The  reservoir  receives  flow  from 
Patch  Reservoir  and  2  square  miles  of 
tributary  area  directly  below  Patch  Reser¬ 
voir.  A  Phase  I  Investigation  has  already 
been  completed  for  Patch  Reservoir,  (MA 
00122).  The  inflow  test  flood  Is  based  on 
calculated  discharge  from  Patch  Reservoir 
plus  an  estimate  of  flow  from  the  tributary 
area  directly  below  Patch  Reservoir.  The 
Probable  Maximum  Flood  (PMF)  rate  was 
determined  to  be  2,050  cfs  per  square  mile 
for  the  drainage  area  below  Patch  Reservoir. 
This  calculation  is  based  on  the  average 
drainage  area  slope  of  6  percent,  the 
pond-plus-swamp  area  to  drainage  area  ratio 
of  8.5  percent,  and  the  U.  S.  Army  Corps  of 
Engineers'  guide  curves  for  Maximum  Probable 
Flood  Peak  Flow  Rates  (dated  December  1977). 
Applying  one-half  the  PMF  to  the  2  square 
miles  of  drainage  area  results  in  a 
calculated  peak  flood  flow  of  2,050  cfs.  The 
outflow  from  Patch  Reservoir  of  7,950  cfs 
plus  the  peak  flood  flow  of  2,050  cfs  results 
in  a  calculated  inflow  test  flood  of  10,000 
cfs.  By  adjusting  the  inflow  test  flood  for 
surcharge  storage,  the  maximum  discharge  rate 
was  established  as  8,500  cfs  (780  cfs  per 
square  mile),  with  a  water  surface  at  El 
509.7. 

Flow  over  the -crest  of  the  dam  is  computed  to 
be  5,460  cfs,  while  flow  through  the  spillway 
is  3,040  cfs.  The  maximum  head  on  the  dam 
would  be  3.4  feet  with  a  discharge  of  15.6 
cfs  per  foot  of  width.  Depth  at  critical 
flow  would  be  at  0.6  feet  with  a  velocity  of 
8  feet  per  second. 

Hydraulic  analyses  indicate  that  the  existing 
spillway  can  discharge  a  flow  of  1,458  cfs 
(only  17  percent  of  the  outflow  test  flood) 
at  water  surface  El  506.3,  which  is  the  crest 
of  the  dam. 


16 


The  inflow  from  a  100-year-frequency  storm 
was  estimated  to  be  ^,005  cfs.  After 
adjustment  for  surcharge  storage,  the  outflow 
from  the  100-year  storm  was  calculated  to  be 
3,080  cfs  which  would  result  in  a  water 
surface  at  El  507.5  or  about  1.2  feet  over 
the  dam. 

Experience  Data.  Hydraulic  records  are  not 
generally  available  for  this  dam,  however, 
information  supplied  by  the  Owner  indicates 
that  the  dam  was  nearly  overtopped  during  the 
March  1936  floods.  According  to  photographs 
and  newspaper  articles  on  the  flood,  the  dam 
was  breached  in  the  right  abutment  area  near 
Mill  Street.  Further  information  supplied  by 
the  Owner  indicates  that  the  dam  was  not  over¬ 
topped  during  the  1955  floods  either. 

However,  the  water  level  was  observed  at  the 
crest  of  the  dam  during  both  the  1936  and 
1955  floods. 

The  Owner  has  provided  copies  of  previous 
hydraulic  investigations  at  this  site.  This 
consists  of  a  letter  by  Mr.  Frederick  J. 
Sanger,  dated  September  18,  1955,  and  a 
report  entitled  "Hydraulic  Design  for  Coes 
Reservoir  Spillway",  by  Alden  Hydraulic 
Laboratory,  dated  December  1958.  (Copies  are 
included  in  Appendix  D. )  This  information 
describes  the  analysis  and  model  studies  for 
the  design  of  a  proposed  enlargement  to  the 
spillway  at  Coes  Reservoir.  A  spillway  dis¬ 
charge  of  3,000  cfs  was  used  to  determine  the 
hydraulic  design  for  the  spillway.  The  basis 
for  this  design  discharge  is  discussed  in  the 
letter  (page  D-8).  The  results  of  this 
investigation  were  never  implemented,  as  the 
spillway  was  never  enlarged  or  modified. 

Visual  Observations .  The  spillway  consists 
of  a  38-foot  long,  broad-crested  concrete 
weir  with  a  steep  stone-lined  discharge 
channel.  Water  over  the  spillway  discharges 
into  Lower  Coes  Pond  200  feet  downstream  from 
the  dam. 

The  spillway  is  ungated  and  flow  is  unres¬ 
tricted.  No  flashboards  were  in  place  during 
the  inspection.  A  metal  sill  imbedded  in  the 


weir  and  keyway s  In  the  training  walls  of  the 
spillway  Indicates  that  flashboards  were  used 
at  one  time.  This  was  confirmed  by  previous 
Inspection  reports  and  discussions  with  the 
Owner. 

d.  Overtopping  Potential.  Overtopping  of  the 
dam  is  expected  under  the  test  flood  of 
10,000  cfs  (Inflow)  as  well  as  the  100-year- 
frequency  flood.  As  noted  previously,  the 
only  available  records  indicate  that  the  dam 
was  not  overtopped  during  the  1936  and  1955 
floods.  Previous  hydraulic  investigations, 
as  discussed  above.  Indicate  that  the  spill¬ 
way  Is  inadequate  and  should  be  widened.  In 
the  event  of  overtopping,  complete  failure  of 
the  dam  could  occur.  A  flood  wave  resulting 
from  failure  of  the  dam  could  cause 
appreciable  property  damage  and  numerous 
losses  of  life.  Since  the  Coes  Factory  is 
located  immediately  downstream  of  the  dam, 
calculation  of  the  failure  flood  wave-height 
was  not  considered  appropriate. 

e.  Additional  Hydraulic  Considerations.  As 
shown  in  figure  D-l ,  does  He servo ir  is 
located  downstream  of  Holden  Reservoirs  No.  1 
and  No.  2,  Cook  Pond,  and  Patch  Reservoir. 

The  calculations  for  a  Phase  I  Investigation 
are  based  on  the  U.  S.  Army  Corps  of  Engi¬ 
neers  guide  curves  which  do  not  totally 
consider  the  storage  discharge  character¬ 
istics  of  upstream  reservoirs.  The  inflow 
test  flood  for  Coes  Reservoir,  however,  has 
included  the  storage  effect  of  Cook  Pond  and 
Patch  Reservoir  but  not  of  Holden  Reservoirs 
No.  1  and  No.  2.  Therefore,  the  conclusions 
on  peak  flows  and  dam  overtopping  should  be 
considered  as  preliminary  only.  A  more 
detailed  hydrologic  and  hydraulic  investi¬ 
gation  should  be  based  on  the  storage  effects 
of  all  upstream  reservoirs. 
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SECTION  6 

STRUCTURAL  STABILITY 


6.1  Evaluation  of  Structural  Stability 

a.  Visual  Observations.  The  evaluation  of  the 
structural  stability  of  Coes  Reservoir  Dam  Is 
based  on  the  visual  inspection  on  July  24, 
1978. 

Based  on  the  observations  discussed  in 
Section  3,  Visual  Inspection,  Coes  Reservoir 
may  be  a  hazard.  Conditions  at  the  dam  are 
unsatisfactory  and  conventional  factors  of 
safety  may  not  exist. 

It  is  recommended  that  a  more  detailed  in¬ 
vestigation  be  initiated  to  evaluate  the 
stability  of  the  dam  and  the  seepage  at  the 
downstream  masonry  wall. 

b.  Design  and  Construction  Data.  Discussions 
with  the  Owner,  bounty,  and  State  personnel 
indicate  that  there  are  no  plans,  specifica¬ 
tions,  or  computations  relative  to  the 
design,  construction,  or  repairs  of  this  dam. 
Furthermore,  information  does  not  appear  to 
exist  on  the  type,  shear  strength,  and 
permeability  of  the  soil  and/or  rock  mate¬ 
rials  of  the  embankment.  Grinding  grit  fill 
and  street  demolition  fill  which  comprise 
part  of  the  embankment  are  presumably  highly 
variable  in  composition,  strength,  and 
permeability. 

It  was  learned  that  this  dam  was  originally 
built  in  1865»  probably  of  local  soil  or  rock 
materials.  Available  information  indicates 
that  the  impervious  core  may  consist  of  oak 
and  brick  sheeting  with  a  puddled  trench. 

The  oak  sheeting  was  probably  bounded  on  each 
side  by  a  brick  wall.  An  impervious  cutoff 
was  probably  used  at  this  site,  since  the 
natural  soils  are  relatively  pervious. 

Timber  core  walls  will  generally  last  an 


indefinite  period,  provided  the  timber  is 
continuously  saturated.  In  the  event  that 
the  reservoir  is  substantially  lowered  for 
longer  than  three  months,  the  timber  may  rot, 
causing  the  dam  to  leak. 

The  original  earth  embankment  is  no  longer 
visible  due  to  extensive  filling  of  the 
slopes  and  crest  with  grinding  grit  from  the 
Knife  Company  and  with  some  fill  from  street 
demolition.  The  slopes  are  irregular,  and  it 
appears  that  the  fill  was  randomly  dumped 
without  being  graded  or  compacted. 

Operating  Records.  There  is  no  evidence  that 
instrumentation  of  any  type  was  ever 
installed  in  Coes  Reservoir  Dam.  The 
performance  of  this  dam  under  prior  loading 
can  only  be  inferred  from  physical  evidence 
at  the  site. 

Post-Construction  Changes.  There  are  no 
as-built  drawings  for  Coes  Reservoir  Dam. 
Available  records  Indicate  that  the 
embankment  was  raised  in  1871  and  1872,  and 
that  H  more  feet  were  added  in  1895.  The 
intake  conduit  into  Coes  Knife  Company  was 
cut  off  with  sheet  piling  in  1936  but  Is 
still  in  place.  A  vehicular  bridge  over  the 
spillway  and  flashboards  mounted  on  the  crest 
were  removed  In  about  1956.  For  about  20 
years,  from  1956  to  1975,  the  earth 
embankment  was  widened  with  fill,  primarily 
grinding  grit.  Records  indicate  that  at 
least  8  feet  of  width  were  added  to  some 
areas  of  the  upstream  face. 

Seismic  Stability.  The  dam  Is  located  In 
Seismic  Zone  too.  2  and  in  accordance  with 
Phase  I  ’'Recommended  Guidelines"  does  not 
warrant  seismic  analyses. 


SECTION  7 


ASSESSMENT,  RECOMMENDATIONS, 
AND  REMEDIAL  MEASURES 


7. 1  Dam  Assessment 


a.  Condition.  Due  to  its  age,  Coes  Reservoir 
Dam  was  neither  designed  nor  constructed 
according  to  current  approved  state-of-art 
procedures.  Based  upon  the  visual  inspection 
at  the  site,  the  lack  of  engineering  data  and 
limited  evidence  of  operational  or  mainte¬ 
nance  procedures,  there  are  areas  of  concern 
which  must  be  corrected  to  assure  the  conti¬ 
nued  performance  of  this  dam.  Generally,  the 
dam  is  considered  to  be  in  fair  condition. 

The  following  signs  of  distress  were  observed 
at  the  site:  the  steep  upstream  face  of  the 
dam  is  eroded  and  unprotected,  the  concrete 
weir  and  stone  training  walls  in  the  spillway 
are  deteriorated,  the  concrete  side  channel 
in  the  discharge  channel  is  cracked  and 
collapsing,  water  is  seeping  from  the 
upstream  wall  of  the  tailrace  and  from  the 
north  wall  of  the  discharge  channel,  and 
there  is  a  dense  growth  of  brush  and  trees  on 
the  embankment  of  the  dam  and  in  downstream 
areas . 

Hydraulic  analyses  indicate  that  the  existing 
spillway  can  discharge  a  flow  of  1,458  cfs 
(17  percent  of  the  test  outflow)  at  El  506.3 
which  is  a  low  point  on  the  dam  crest.  An 
inflow  test  flood  of  10,000  cfs  will  overtop 
the  main  dam  by  about  3.4  feet.  Previous 
records  indicate  that  the  dam  was  not 
overtopped  by  the  floods  of  1936  or  1955; 
however,  the  dam  was  breached  4  feet  deep 
near  the  south  abutment  (Mill  Street)  during 
the  1936  flood.  There  is  no  available 
information  on  the  pond  levels  prior  to  the 
storms.  The  1955  storm  occurred  in  August 
when  the  upstream  reservoirs  would  generally 
be  low,  which  may  explain  why  the  dam  was  not 
overtopped,  even  though  the  1955  storm  was 
more  severe  than  the  one  in  1936.  Hydraulic 
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studies  published  in  1958  also  state  that  the 
dam  is  susceptible  to  overtopping  with  the 
present  spillway  capacity.  It  is  likely  that 
overtopping  is  a  serious  potential  hazard 
which  could  cause  a  high  loss  of  life  and 
property  damage.  Further  development  on  the 
watershed  may  increase  this  hazard  in  the 
future. 


b .  Ade 


quacy 

ilneer 


of  Information.  The  lack  of  indepth 


engineering  data  dis  not  allow  for  a  defini¬ 
tive  review.  Therefore  the  adequacy  of  this 
dam  could  not  be  assessed  from  the  standpoint 
of  reviewing  design  and  construction  data, 
but  is  based  primarily  on  visual  inspection, 
past  performance  history  and  sound  engineer¬ 
ing  Judgment. 

c.  Urgency.  The  recommendations  outlined  below 
should  be  implemented  within  1  or  2  years 
after  receipt  of  the  Phase  I  Inspection 
Report. 

d.  Need  for  Additional  Information.  Additional 
investigations  to  further  assess  the  adequacy 
of  the  dam  and  appurtenant  structures  are  out¬ 
lined  below  in  Section  7.2  Recommendations . 

7.2  Recommendations .  In  view  of  the  concerns  about 
the  continued  performance  of  this  dam,  it  is 
recommended  that  the  Owner  employ  a  qualified 
consultant  to: 


a.  evaluate  the  stability  of  the  dam  and  the 
seepage  along  the  upstream  wall  of  the 
tailrace  channel;  and 

b.  conduct  a  more  detailed  hydraulic  and  hydro- 
logic  investigation  for  the  entire  drainage 
area.  The  purpose  of  the  investigation  is  to 
design  a  new  spillway  to  discharge  a  greater 
portion  of  the  test  flood  and  a  new  outlet 
facility  for  dewatering  the  reservoir. 

The  recommendations  on  repairs  and  maintenance 
procedures  are  stated  below  under  Section  7.3» 
Remedial  Measures . 
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storms.  All  repairs  and  maintenance 
should  be  undertaken  in  accordance  with 
all  applicable  State  regulations. 


APPENDIX  A 


PERIODIC  INSPECTION  CHECKLIST 


I 

l 

► 


f 


PERIODIC  INSPECTION 


PARTY: 


PERIODIC  INSPECTION  CHECK  LIST 


PROJECT  _  DATE  JJy  ,?i,  H2JL 

PROJECT  FEATURE  dam  omkl.nL',,  -,  1  NAME  C.j  j7 v.o 
DISCIPLINE  Vwi i~,t  / _  NAME 


AREA  EVALUATED 
DAM  EMBANKMENT 
Crest  Elevation 
Current  Pool  Elevation 


Maximum  Impoundment  to  Date 


Surface  Cracks 


Pavement  Condition 


Movement  or  Settlement  of  Crest 


Lateral  Movement 


Vertical  Alignment 


Horizontal  Alignment 


Condition  at  Abutment  and  at 
Concrete  Structures 


Indications  of  Movement  of 
Structural  Items  on  Slopes 


Trespassing  on  Slopes 


Sloughing  or  Erosion  of  Slopes 
or  Abutments 


Rock  Slope  Protection  -  Riprap 
Failures 


Unusual  Movement  or  Cracking  at 
or  near  Toes 


Unusual  Embankment  or  Downstream 
Seepage 


CONDITIONS 

gorlh  dan)  Subs'ie-  r-i Li  -f,  ll«rl  x 
grinding  qrd  -  '  ' 

vn\ 'its  iron’  CCc  u  UC8-  3 _ 

501 _ 


un^nomn _ 

no>)S  i siQ'hk _ 

part? ina  or  fa.  near  TkWW-  '  ■■  r 

_ ' '/  -  '  V  ?r. 

n  on  f  ■  S  ■  b  4; 

■//■'/.-  ,r  slop  ,  ,U'€  b  •  •  -/  i’j 

illjUlj  rr  J  .•  Jr _ 

h  ->l\  /./  i  r  i'  .  'u  I  t  r 

'j.f'd  O  ifa  //  to  ff)  1 1  "W  ■  /  1  hi!  h)  ’!  1 

i/ife  Od’'i'tl  1. -He  ’*£  }  no-  Spillway  abutment  is  beam* 
iind  eroded  *■  Strict  posts undercut ,  training  naff  sir*  r.s 
7 co$c+  cuf  e(  p/aec  jSQ.  SpWuegy  (jknj+nh*r&  !%  Qrhid  :na  grit  H 

filling  on  dawn  stream  y  upstream  slept* 

Knife  company  located  directly  dcujnstrfa  m 

C  I'pn'.int:  5;  1  in-r/r-r-  ,  3’.<."mn*'rS 

Significant  treiion  on  us  face- no  ripraps  s trees 
(lB"-3i"d(a)t  brush  on  us  face -  dense  brush  on  ds  face  j 
trosion  beneath  Cone •  slab  onds  face  adjacent  to  Knife  Co- 


t)0  rip  r  op 


none  \zi5liU 


LV&frr  4 loiuircj  j'  /  j  {  :,  t.ie  ‘tor,  hif!  J 

DO  OppOr  fr^  'ZC-'per-jf  f/C>d  J!Y' bdr.d  *  / 


Piping  or  Bolls 


Foundation  Drainage  Features 


Toe  Drains 


none 


none 


i  on t 


Instrumentation  System  i</ ’£ 

it.  concrete  he  ad  cun  1 1  pn  us  face  ICO1  /uo.  of  Spillway- So'tx  4'h*  /S'  fh,'ck 

(old  foundation  ?) 


page  A-2  of  3 


PERIODIC  INSPECTION  CHECK  LIST 


PROJECT 


_ tfs-.'i't  VQ'f 


PROJECT  FEATURE 


^pilLdagg 


DISCIPLINE  Jp/jJ?  'hri  'n! 


date _ j;/y  ?4,__22i- 

NAME  FH  htr'O _ 

NAME  Liylfi.  jRr.ir.-t . .».? 


AREA  EVALUATED 

CONDITION 

OUTLET  WORKS  -  SPILLWAY  WEIR, 
APPROACH  AND  DISCHARGE  CHANNELS 

a.  Approach  Channel 

bo-tion-  r'i*jrff  5»i  li  r,  .•*/<  <•' 
east  abetment  -  Ls-.e  pc^.  Silent 
'jU*St  (it>[d  m  fid  -  r>  "7  •  V  et  :d-  nf 

4  Ijirp'd  f-  j.)  ■  '  i 

General  Condition 

■fair. 

Loose  Rock  Overhanging 

Channel 

Done 

Trees  Overhanging  Channel 

>  lone 

Floor  of  Approach  Channel 

rot' i'll  d  e.  ir.>/-i 

b.  Weir  and  Training  Walls 

U>eir  is  concrete  s/ab -4-  jbbeams  for  former  bn'Uft 
walls  concrete  facing  on  jt one  masonry  (±/  ft  thick; 

General  Condition  of 

Concrete 

wolls- fair  •  u/eir-  poor ;  Cracked  +■  local  erosion 
Scattered  debris  (wood,  rocks,  trash ) on  cue-'- 

Rust  or  Staining 

1 2" metal  Sill  on  us  edge  oh  weir-  slides  in 
training  walls --former  frame  for  f/ashbaards 

Spalling 

none  visible 

Any  Visible  Reinforcing 

r-j,\ ■  vsible 

Any  Seepage  or  Efflorescence 

none 

Drain  Holes 

none 

c.  Discharge  Channel 

Sloping  stone- lined  channel  w/dry  stone  masonry 
sidewalls  j  Cone-  side  channel  along  no-  wall 

General  Condition 

channel  t-  walls-  fair j  concrete  Side  channel-  v.poor, 
cracked  *  broken,  weed*  brush  growth,  Steppe  at 

Loose  Rock  Overhanging 

Channel 

Ms  ds  tram  base  of  north  side,  won 

dry-stone  masonry  wall  at  downstream  end  ef 
channel  on  north  slope 

Trees  Overhanging  Channel 

3b  "  l8”,l  2“  trees  on  Uorth  side  -  one  is  opposite 
*.**png*.&  base  of  wall  j  Small  trees  on  sooth  side 

Floor  of  Channel 

Scattered,  debris ,  some  Vegetation,  fallen 

Ste.t ions  of  concrete  Side,  channel 

Other  Obstructions  * 

f$ndto  f*tM  dram  discharging  ah  ds 

tnd.norih  side  of  channel ,  near  stone  ujall 

*failrdce  channel-  dru-slone  masonry  Side  walls,  arch  outlet  opening,  discfai  yes  ad" 
downstream  end  oh  sloped  channel-  3  seeps  on  us  tva//  near  tree  roots,  Some 
debris  in  channel  ba-fom 


** stream  to  Lower-  Coes-  heavily  overgrown \  curst  bank-  slap  hi II j 
edit  banK-  stone  retaining  pall  -h  Lakeside  A  venae 
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PLAN  OP  DAM  AND  PREVIOUS 
INSPECTION  REPORTS 


Figure  B-l.  Plan  of  Dam,  and  Sections  B-l 

Previous  Inspections  (Partial  Listing)  B-2 

Inspection  Report  by  Mass.  Department  of 

Public  Works,  January  1973  B-4 

Letter  by  Coes  Knife  Company  B-10 

Letter  by  Worcester  County  Commissioners, 

May  1956  B-ll 

Inspection  by  Worcester  County  Commissioners, 

March  1956  B-13 

Inspection  by  Worcester  County  Commissioners, 

September  1955  B-14 
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PREVIOUS  INSPECTIONS  (PARTIAL  LISTING) 

COPY  OF  INSPECTION  CARD  ON  FILE  AT  THE  MASSACHUSETTS 
DEPARTMENT  OF  PUBLIC  WORKS,  DISTRICT  OFFICE,  WORCESTER. 
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OF  PUBLIC  WORKS,  DISTRICT  OFFICE,  WORCESTER. 


INSPECTION  REPORT  -  DA!  &  ADD  RESERVOIRS 


Locations  City/Town 

i  \zJoAcesre/e 

Dam  Me. 3-  i  *4  -  3+6  -Off 

Name  of  Da Dam 

Inspected  by  •'*'  - 

Date  of  InsDcction 

Owner/si  oeri  Assessors 

Prev*  Inspection 

✓ 

Reg. 

of  Deeds 

Pers.  Contact 

1.  Coes  Co 

7 1  Coes 

Sr  Wo*ce  sre/t. 

Hiss 

Neme 

2. 

St.  &  No. 

City/Iown 

State  Tel.  No. 

Name 

3.  . 

St.  &  No. 

City/Town 

State  Tel.  No. 

Name 

St.  &  No. 

Clty/Tcv/n 

State  Tel.  No. 

3.  Caretaker  (if  any)  e.g.  superintendent ,  plant  manager,  appointed 
by  absentee  owner,  appointed  by  multi  owners* 


Names  St*  4  No. 

City/Towns  States 

4*  Co*  of  Pictures  taken  A/ O  6T 
b.  Degree  of  Hazards  (if  dam  should  fail  completely)* 
1*  Minor  _______ 2.  Moderate  _ 

3*  Severe  ______ ________ 


Tel.  No. 


4*  Disastrous 


♦This  rating  may  change  aa  land  use  changes  (future  development) 
6*  (Xitlet  Controli  Automatic  "r '  Manual  _____ _____ ... _____ 

Operative  Vest  _ ___ _ 

Comment si  q  g 


No. 


7.  Upstream  Face  of  Demi  Condition! 

1.  Good  _ 


3.  Major  Repair?. 


2.  Minor  Repairs 
_4 »  Urgent  Repairs. 


Comments  s 


2' 


DAM  MO. -SV-&-  oj 


8.  Downstream  Paco  of  Dams 

Condition!  1,  Good  ________ 

3a  Major  nep&lrs 

Comments  t 


2#  Minor  Repairs 


4.  Urgent  Repairs 


9a  Emergency  Spillway: 

Condition:  1.  Good  __________  2a  Minor  Repairs _ 

3»  Major  Repairs  ^  4.  Urgent  Repairs  ______ 

Comments:  Lotuen  Secr/err~  -Saulu/ay  ^ <e»v 

^T*/t/aje/rpa  /fki oyfc  £ <ft>  T/.v  -A"  ^<«s  Y?t'cet> 


10«  Water  Level  at  time  of  Inspection: 

top  of  dam  _______ 

other  _ 


A-J  *.  above 


below 


principal  spillway 


11.  Summary  of  Deficiencies  Noted: 

Growth  (Trees  and  Brush)  on  Embankment 


YerS 


Animal  Burrows  and  Washouts 


JVtft'C 


A' G. /¥.£.. 


Cracked  or  Damaged  Masonry 

eAGg-UCY  S^fi-AutAY 

Evidence  of  SceDatre  A/r/Y £ 

Evidence  of  Piping 

Erosion 

tJ-b/yg- 

Leaks 

SYoaj 

Trash  and/or  debls 

Impeding  flow 

fYotJtr 

Clogged  or  blocked 

spillway 

AfcA/e-' 

Other  _ _ _ 

B-5 


-3-  DAI.  HO 

12*  Remarks  ft  Uocornondations!  (Fully  Explain) 

y'f  &Au$  /v  CSAo to //V'tf  eJ/V'  PFsfba »  t 

&4AJ  M;  ■**£' Ajr~  7m 4 r  Smoulo  3&  &F/YOFSP,  &  ar  oF  A/OA.B 
"*1  *0At4  As  CGT  *3  Gtioujrfi  °A  7k.*eS  •**  /etc  BA  F7a  BAAJttMGAjT 
Amo  &A6CU/M6  4M/OST  Cm  4  we  L  /%\//a/6  &*/.<>&  Thf~ 

A7m/a/  FoA  t/oa/  c/e  7*r  04M  ,n* n  Ft  F/e  77iees  o/e* 

FA  Li /A/ 6  tP/TO  The  SrAM-Ml  Coo  to  /MtPBoe  TAC  FloicoF 
w4  7BP~  M Mt>  A! AY  CAOSS  £/Zo£>'*&  oF  DoumST^^A  Pf 

St-o/MS.  Thst  h/Aiis  OF  7»e  FMa/tae/icY  Sfin-cwtY 
(&  *'  Sec  t/oa/sJ  //five  Coll  APS  bp ^  F#er  Sp'LL  ujaY  {k/t£A6a»orJ 
&4S  Bet  A/  OA/£€Atf/A/eO  /M  So**-  FBapf.  4*  OF  A/oUJ  ~r**‘ 

*&qgaJC.Y  Sa/ll.luay  SbacbS  A^°  ^APoSe-  *4*  7*/S 
<2°*>o  trtoD,  Fm-oPF*.  /*«<-  vo/ml  &'*-*’  waY 

/  S  ,AJ  &Oot>  Cok>ut/o*j  A*o  Ghouls  fa**/**  Fok/c  t~<ca/A  i~ 

Fafi.  SoMer  77m  c  To  Com£ 


13«  Overall  Condition! 

1*  Safe  _ 


2.  Minor  repairs  needed 


9.  Conditionally  safe  -  major  repairs  needed 
4,  Unsafe  _ 


5«  Reservoir  ti.iprundmcnt  no  lender  exists  (explain) 
Rocpnnend  removal  from  inspection  list 
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DESCRIPT  lot!  OF  DAM 


DISTRICT 


a*  tc«  w  r 
Submitted  hu<  ■: 

Date  jz  '*‘73 _ 


1.  Locations  Topo  Sheet  No. 


Da«4ro'£^£r fJL— 

Cltv/T o*/rT  Worcester 

goes  >  , 

Name  aMlsa  rot*- 


Provide  8^"  x  11"  In  clear  copy  of  topo  map  with  location  of 
Dam  clearly  indicated. 


2%  Year- built  t_ 


Year/s  of  subsequent  repairs 


3*  Purpose  of  Dams  Water  Supply 


Irrigation 


Recreational 
Other  _ 


4*  Drainage  Areas  / 1  •  (a  sq.  ml.  . 

S.  Normal  Ponding  Areas  lOO  acress  Ave.  depth 


Impoundments 


.oalsj 


acre  ft. 


6*  No*  and  type  of  dwellings  located  adjacent  to  pond  or  reservoir 
j  I.#,  summer  hones,  etc,  .  . - 


7*  Dimensions  of  Dans  Length  *  . . 

Slopess  Upstream  Face  &  ' 

Downstream  Face/  •  * 
Width  across  top  - <*S'> 
8*  Classification  of  Dam  by  Materials 


Max.  Height 


Earths^**’ 
Timber  _ 


Cone •  Masonry 
Rock  fill  _____ 


Stone  Masonry 
Other  _ 


A.  Description  of  present  land  usage  downstream  of  dans 
%  rurali-  ;  / 00  <  urban. 

8*  Is  there  a  storago  area  or  flood  plain  downstream  cf  dam  which 
could  accomodate  the  ir.coundnont  in  the  event  of  a  complete 
dan  fat  line  ;■  yes  no  « 
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DAM  NO 


3-/V-3f&-o8- 
%  a  ' 

10*  Rl»k  to  llfo  and  proporty  in  event  of  eoaplete  failure* 


No.  of  oeoole 

* 

Mo.  of  home  a  ^ 

No*  of  Businesses  £ 

--• 

No.  of  Industries.. _ 

..  • 

Type. 

No.  of  utilities  tfoAs*"  . 

Type. 

Railroads  t'oMK' 

-  • 

Other  dams^**'** 

Other 

-  • 

11*  Attach  Sketch  of  dan  to  thia  form  showing  section  and  planO 
on  &£"  x  11"  sheet* 


»■*..  \o  Lu c.<V*<#T  _  .  „  v- 

ft'Tr  “fo 


•*■  'V.u.  t.  .3iV 


'*  •5»r%.  y*-W—T  O  f  *  V.^Y’ 


L 
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Mr.  Alexander  B.  Canpbell 
P.O.  Box  57 

8aganoro  Beach,  Massachusetts 


July  11,  1956 


Dear  Mr.  Cambell:  v 

Pollovlnj  our  telephone  conversation  this  morning,  George  Collins  and  X  reviewed 
the  filling  which  had  been  cesonplichcd  ca  the  don. 

First,  you  will  recall,  that  we  got  quite  a  bit  of  fill  fraa  the  housing  developnent 
several  years  ego  cad  th'.s  fill  has  formed  a  shelf  for  the  new  fill  we  have  obtained 
recently.  Starting  froa  the  Mill  Street  aide  vs  have  duspod  grinding  Buck  of  our 
own  to  build  out  on  average  of  S'  (eight  feet)  froa  where  the  banking  was  lest  August 
at  the  tico  of  the  flood.  This  grinding  Buck  fill  extends  over  to  a  point  in  of 
the  Boiler  Rooa.  Then  several  loada  froa  Vcnddtti  end  the  City  were  disced  at  the 
forge  end  of  the  Boiler  Rooa,  extending  out  cbout  9*  (eight  feet).  Approximately 
25  loads  were  dunped  starting  behind  the  Forge  P.oan  over  to  about  12'  (twelve  feet) 
beyond  the  old  wheel  house  entrance  building  cut  the  dsn  about  5  to  6  feet.  All  of 
this  fill  was  tram  the  City  uhoa  they  resurfaced  Maywood  Street  froa  Park  Avenue  to 
Main  Street.  At  that  tine  they  renoved  the  3*  gutters  fron  either  side  of  Maywood 
Street  and  black-topped  all  the  way  to  the  curb. 

Mr.  Donohue  has  precised  George  Collins  that  they  are  going  to  do  the  f—  thing  on 
Kay  Street  soon  and  we  will  get  more  fill  at  that  tine. 

Therd  are  still  several  depression  areas  along  in  front  of  the  old  shipping  dock  and 
the  next  fill  we  get  will  be  dunped  in  this  area  which  extonds  for  about  75 ' . 

While  dictating  this,  I  decided  it  night  be  a  good  idea  to  have  Jin  HiUhouas  go  over 
this  with  George  and  nakc  a  snail  sketch  which  will  probably  ™i»  it  clearer  to  you. 

Very  truly  yours, 

COBS  KUIFE  COMPACT 


Edwin  E.  Bloat 
Executive  Vice  President 

EEB/bn  • 

Sketch 


COMMONWEALTH  Or  MASSACHUSETTS 

Jflorccater  (Homily  (Contnttsstotters 

couirr  HOUIC.  worcitbtcr,  mabbachubcttb 

Tcuvmonc  ALCABAMT  4-2441 

JOSCAH  A.  ABAC RO,  WaacilTH.  CmaiNmam 
rBANCIB  C.  CAB  BIDV.  WCBSTCB 
COWARD  A.  BIBO.  riTCMBuna 


May  18,  1956 


Mr.  Alexander  B.  Campbell,  President 
Coos  knife  Company 
72  Coe3  Street 
Worcester,  Massachusetts 

Re:  Your  Dam  -  C003  Reservoir  -  County  :.-6l-08 
Worcester,  Massachusetts _ 


Dear  Sir: 

I  refer  you  to  our  letter  of  March  26,  1956  regarding  our 
request  for  plnns  end  specifications  for  a  new  spillway 
capable  of  handling  rare  flood  flows  to  be  submitted  to  the 
Board  of  County  Commissioners  at  a  date  which  would  permit 
the  reconstruction  to  be  completed  this  summer. 

Prof.  L.  J.  Hooper,  of  tno  Alden  Hydraulic  Laboratory, 
in  Holden,  computed  the  new  length  and  depth  of  this  spillway 
which  can  safely  carry  the  waters  of  a  rare  flood. 

It  will  also  be  necessary  for  this  plan  to  provide  a-  draw 
off  gate  with  pipe  through  the  embankment  at  a  location  adjacent 
to  the  southerly  abutment  of  the  spillway. 

You  stated  in  your  letter  of  April  12,  1956  to  this  Board 
that  "Whon  plans  and  specifications  are  prepared  they  will  be 
submitted  to  the  County  Commissioners."  This  statement  gives 
us  no  indication  of  the  date  these  plans  will  be  ready. 

You  also  stated  that  you  had  just  talked  to  City  Manager, 
Francis  J.  McGrath,  and  that  he  uac  made  a  request  for  funds  to 
'do  this  work  from  the  State  Authorities,  and  he  was  awaiting  a 
reply  to  his  reouost. 

The  City  of  Worcester  Sub-Flood  Committee,  of  wnich  our 
Engineer,  Mr.  L.  0.  harden  was  a  member,  considers  tills  dam 
to  be  the  outstanding  flood  hazard  in  Worcester  at  the  present 
time  due  to  the  inadequate  size  of  the  spillway. 


Hr.  Alexander  B 
Campbell 


2 


May  lb,  1956 


If  tills  Hoard  cannot  'oc  supplied  new  plans  and  specifics 
tions  drawn  by  a  competent  hydraulic  Engineer  by  June  15,  1956 
it  will  be  necessary  for  us  to  issue  an  CHjLH  to  you  in  writing 
in  accordance  with  General  Laws  (,cr.  '  d. )  Chapter  253  and  a:r.end 
monts  thereto  to  provide  such  plrric  ana.  specifications  fer  the 
approval  of  the  Hoard  of  County  Commissioners. 


Very  truly  yours. 


WOKCliii'i'ii/t  COUNTY  CCti'uiiddiOi.idiS 


COMMONWEALTH  OF  MASSACHUSETTS 

JHorcwier  dourttg  Commissioners 

eouirr  HOuac.  worcurtcr.  magbachuscttb 
Tumom  alkaramt  r-iaai 


JOBCAH  A  ASACRO.  WOKUTIl,  Chairman 
.RANCH  C.  CASSIDY,  WCRRTfR 
COWARD  A.  BIBO.  AiTCHRUAH 


W- 


March  26,  1956 


Mr.  Alexander  Campbell,  President 
Coes  Knife  Company 
72  Coos  Street 
Worcester,  Massachusetts 

Dear  Sir: 

Dam  Mo.  61-08  -  Coes  Reservoir.  Worcester ,  Mass* 

An  Inspection  of  your  dam  last  year  showed  the  fol¬ 
lowing  repairs  to  be  necessary: 

1.  Spillway a 

a*  Stone  abutment  in  poor  condition  nr  pond  aide. 

b.  Steel  channels  and  walkway  I  beams  must  be  re¬ 
moved  to  give  unobstructed  flow  of  water  over 
the  spillway* 

2.  Embankment. 

a.  Partly  uached  out  both  sides  of  spillway. 

b.  Upstream  slopes  should  be  riprapped  on  pond  side. 

3.  Oates. 

a.  None  visible* 

l|.  At  your  meetinn.  at  the  Court  house  with  the  County 
Commissioners,  the  necessity  of  constructing  a  wider  and  deeper 
spillway  was  discussed. 

5*  Plans  and  specifications  for  the  new  spillway  should 
bo  prepared  and  submitted  to  the  County  ComnisE loners  for  -heir 
approval  so  that  reconstruction  ern  bo  completed  this  rummer. 


LOK/ja 


Very  truly  yours. 


iORCESTr.R 


eph  f . 


couriY  coiij^siOKEas 

Asnero,  Chairman 
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COMMONWEALTH  Or  MASSACHUSETTS 

3®orcc*icr  (County  (Commissioners 


A.  ARRCRQ.  Woactttu,  Chairman 
FRANCIS  C.  CARRIOV.  WC«rrc» 

EDWARD  P.  BIRO.  FirCHBURO 


COURT  MOURE.  WORCESTER.  MARRAOHURCTTR 
I  WOROUTIR  R-R44I 


September  16,  1955 


Coes  Knife  Company 
72  Coes  Street 
Worcester,  Maes. 

Attention:  Mr.  Lori.ng  Coes 

Dear  Mr.  Coes: 


Sub.lect:  Insnectlon  of  Dam  No.  61-07,  Coes  3quare, 

•  Worcester.  Massachusetts. _ 

An  inspection  was  mede  of  this  dam  on  September  12,  1955. 
We  found  that  the  condition  of  the  dam  was  poor.  The  following 
repairs  should  be  made: 


SPILLWAY . 


EMBANKMENT. 


GATES. 


1.  Two  feet  of  flaahboards  In  the  two  center 
sections  of  the.6pillvpy  must  be  removed. 

2.  The  stone  abutment  well  on  the  northerly  end 
is  in  poor  condition  and  should  be  rfe built. 

3.  A  new  steel  walkway  will  be  required  If  any 
more  stanchion  boards  are  to  be  used  on  the 
orest  of  the  spillway. 


1.  The  embankment  at  the  northerly  end  of  the  dam 
has  been  partly  washed  out. 

2.  A  material  composed  of  cley  and  lom  must  be 
used  to  replace  the  washed  out  portion. 

3.  The  upstream  slope  of  the  embankment  must  be 
paved  with  stones  eighteen  inches  In  depth. 


1.  It  Is  apoarent  that  water  is  lecklng  Into  the 
old  penstock  which  has  been  blocked~off. 

2.  At  present  the  pond  cannot  be  drained. 

3.  The  oresent  penstock  should  be  replaced  with  a 
thirty-six  Inch  steel  pipe  with  a  gste  at  the 
upper  end  and  the  lower  end  emptying  into  the 
stream  channel. 


B-ld 


Pam  No.  61-07.  Coe*  Sauers.  Worceeter.  Cont'd. 

Any  structural  changes  to  this  dam  must  be  In  accordance 
with  new  plane  submitted  to  the  County  Comml88ionere  for  thSlr  ap¬ 
proval. 


It  la  evident  that  this  spillway  Is  too  email  to  handle 
a  hurricane  flow  of  water.  The  eolllwey  should  be  lowered  at  least 
eighteen  inches  so  aa  to  give  It  additional  capacity. 

Attached  are  lists  of  Instructions  for  the  preparation  and 
are  of  Reservoir  or  Mill  Dame  during  the  coming  winter. 

Very  truly  yours. 


WORCESTER  COUNTY  COMMISSIONERS 


>  *- 


APPENDIX  D 


HYDROLOGIC  AND  HYDRAULIC 
COMPUTATIONS 


Hydrologic  and  Hydraulic  Computations 
Watershed  Plan,  Figure  D-l 
Letter  from  Frederick  J.  Sanger 
Hydraulic  Report  by  L.  J.  Hooper 


Page 
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trL  Mov-F.  Dau>  J  Acct  M«  & ' 
U>&rCft^t  ,  »*U.  4tng,a  r^P„<  By  _Jl 
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Date  _^/7g 

-r^/v  . 

Date  ->  /  --/ 
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The  Coes  Knife  l-o. 

*tt.  -«r.  ^avid  1.  Hell 
vhief  Engineer 


FREDERICK  J.  SANGER 

Consultant  in  Civil  Cnoinsskino 

IS  SISKMANS  STRUT 

WORCESTER.  MASS. 

September  18,  1935 


Seillwav  st  Coes  Reservoir.  Vorceater.^ese. 


introduction,  ^’his  discussion  is  in  reply  to  e  letter  from  <*r.  call 
dated  September  8,  1955  ar.d  in  accordance  with  our  telephone  conversation  of  the 
previous  evening. 

A.  On  a  letter  to  -r.  L.O.iuarden.  County  Engineer,  from  -or.  P.B...acXjn.".on. 
dated  April  29.  1955. 

1.  There  can  be  no  disagreement  with  the  statement  on  the  seriousness  of 
a  dam  failure  at  Coes  Reservoir. 

/ 

2.  The  drainage  area  of  11.9  square  miles  includes  the  drainage  areas  of 
the  Holden  and  Kendall  Keservoirs  but  not  that  of  Pine  Hill  heservoir  although  that 
is  connected  to  the  others  in  the  Worcester  City.i-ow  Service,  v/ater  Supply,  end 
should  presumably  be  included.  The  total  area  then  becomes  about  19  square  miles 

of  which  about  1  square  mile  is  water  surface.  i'he  reservoirs  divert  a  comparative  ly 
email  amount  of  water  for  consumption  but  have  a  big  effect  in  their  storage  capacity 
which  cannot  be  allowed  for  without  quite  considerable  study.  A  have  studied  the 
drainage  area  and  agree  with  Kr.  tacKinnon's  estimate  for  his  assumed  area,  neglecting 
reservoir  storage.  The  value  of  2900  *efs  seems  reasonable  since  with  a  rainfall  liJte 
that  of  last  month,  the  storage  of  oerhaps  6"  of  rain  would  have  left  plenty  for  the 
spillways  (  and  for  the  particular  spillway  under  discussion).  The  Kinnison-Colby 
formulae  are  based  upon  a  very  thorough  study  of  iassachusette  drainage  areas  and 
are  probably  the  best  to  be  used  in  this  region. 


spillway  sites  quoted  by  -  r.  -aeKinnon  ere  baaed  upon  a  discharge 
coefficient  of  3  which  is  what  i  would  use  in  the  absence  of  model  studies  or  of 
actual  performance  figures,  nis  table  also  neelecta  the  effect  of  the  velocity  of  flow 
overthe  s  pillwsy;  this  is  good  practice  and  the  effect  is  less  than  half  a  foot  in 
head,  anyway..  Vhe  coefficient  of  3  varies  up  to  nearly  4  and  if  a  new  spillway  were 
to  be  constructed  a  model  test  would  be  well  worthwhile  to  give  a  high  coefficient 
and  hence  smaller  dimensions  than  those  listed.  The  table  stops  at  8  ft  depth;  if  it 
were  continued  to  9  ft,  the  corresponding  length  would  be  36  ft  1  which  is  less  than 
what  you  have  now),  based  upon  the  same  assumptions:  if  the  coefficient  could  be 
found  more  than  3  then  the  depth  could  be  reduced  materially  and  8  ft  or  less  would 
do  with  a  39  ft  spillway. 

3.  Letter  of  August  11.  1988  aimed  by  l.r.  Aspero. 

If  fcr.  itacKinnon's  figures  are  accepted  then  this  letter  requires  little 
discussion  except  that  perhaps  the  County  Commissioners  advised  by  <«r.  warden  might 
be  prepared  to  consider  alternative  proposals  for  increasing  the  spillway  capacity. 

C.  Cn  the  peat  history  of  the  Spillway 

The  official  report  on  the  *arch  1936  flood  states  that  the  water  in  Coes 
Heaervoir  rose  to  the  height  of  the  dam  crest  and  you  told  eta  on  the  telephone  that 
the  same  thing  happened  last  month.  ThieJLs.  astonishing  because  '.he  gauging  s  t  at  ion 
at  Webster  Street  showed  a  discharge  of  three  times  the  -“arch  *?6  maximum  whereas 
your  s  pillway  took  about  the  same  quantity  as  before.  It  is  difficult  to  explain 
why  your  dam  waa  not  overtopped.  I  estimate  that  its  maximum  capacity  is  about  2000 
cfs  and  the  recant  flood  was  csrtainly  quits  exceptional  and  c  ould  be  considered 
to  be  a  "rare"  flood  in  ths  technical  sense  l  i.c.  one  that  would  occur  once  in 
1000  years ).  The  reservoirs  must  have  been  favorably  drawn  down  ao  as  to  provide 
m  very  good  storage  volume  which  one  cannot  count  on  always.  About  one  third  of 
earth  dam  failures  are  caused  by  .—topjing  and  the  risk  is  too  high  to  rely  upon 
sandbags.  The  future  climate  *'c#  England  will  probably  include  hurricanes  :.iore 
often  than  before  and  1  strong'  . commend  that  the s pillway  capacity  be  increased. 
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0.  Possible  wavs  of  increasing  spillway  edacity  to  ?0Q0  cfs. 

1.  *r.  Arden's  proposal  of  leathering  ths  spillway,  louring  its  crest, 
and  installing  gates  to  maintain  the  water  elevation  in  the  reservoir. 

It  would  seas  better  to  keep  the  spillway  its  present  length  of  39  ft  and  to 
lower  the  crest  s  little  aora.  A  model  study  could  give  the  actual  value  of  the 
discharge  coefficient  and  it  is  probable  that  a  lowering  of  leas  then  2  ft,  with 
a  properly  designed  crest  profile  would  suffice.  One  foot  in  depth  is  forth  about 
six  feet  in  length  here. 

2.  Le»*hening  the  spillway.  If  the  spillway  were  extended  25  ft, 

or  if  another  spillway  25  ft  long  were  constructed  somewhere  else  on  the 
reservoir  the  required  extra  capacity  could  be  obtained  without  gates,  ‘his 
seams  to  be  reasonable. 

3.  Siphon  spillways.  While  unusual,  siphon  spillways  are  used 

successfully.  «ere  it  would  taka  four  pipes  of  36"  diameter,  or  ,n  equivalent 
cross-sectional  area,  to  take  the  extra  discharge,  ^he  pipea  or  conduits  would 

be  installed  over  the  daa  at  convenient  points  and  could  be  automatic  or  mania  lly 
controlled. 

4.  If  the  shores  of  the  reservoir  can  take  an  increase  of  2  ft  in  water 
elevation  the  raising  of  the  daa  would  provide  an  obvious  solution;  the  additional 
storage  capacity  of  the  reservoir  would  be  beneficial  downstream  also.  It  is 
probable  that  this  has  been  thought  of  and  rejected, however.  The  dam  crest  should 
be  raised  about  4  ft  to  asks  s  good  job. 


v 


! 

F .J. Sanger 

Registered  Professional  "r.rineer 
Worcester.  -epteaber  IQ,  1955. 
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HYDRAULIC  DESIGN  FOR 
COES  RESERVOIR  SPILLWAY 
COES  KNIFE  COMPANY 
WORCESTER,  MASS. 

At 

ALDEN  HYDRAULIC  LABORATORY 
WORCESTER  POLYTECHNIC  INSTITUTE 
December  1958 


OBJECT 

The  object  of  this  study  was  to  determine  the  hydraulic  design  for  the 
proposed  spillway  at  Coes  Reservoir.  The  flood  discharge  to  be  handled  by 
the  spillway  was  determined  at  3000  cfs  by  Professor  Frederick  Sanger  at 
the  start  of  the  study.  This  figure  was  found  from  the  application  of  the 
Kinnison  Flood  Formula  and  has  been  checked  independently. 


APPARATUS 

The  work  was  done  at  the  Alden  Hydraulic  Laboratory  where  a  wooden 
flume  2  feet  square  in  cross  section  and  approximately  25  feet  long  was 
available.  The  .flow  into  the  flume  was  measured  by  a  12x6“  venturi 
meter.  Suitable  baffles  racked  and  a  raft  provided  smooth  flow  conditions 
in  the  approach  channel  to  the  model . 

The  spillway  cross  section  and  the  walls  of  the  model  were  constructed 
to  a  1/15  scale  of  wood . 

The  heads  in  the  model  were  measured  with  a  hook  gage  mounted  in  a 
stilling  well  6  feet  upstream  from  the  spillway  crest.  This  corresponds  to 
a  point  90  feet  out  in  deep  water  in  Coes  Reservoir. 


PROCEDURE 

In  preparation  for  a  test  the  condition  to  be  represented  was  first 
modeled  carefully  in  the  flume.  The  modifications  in  general  were  changes 
to  the  slope  of  the  spillway  shape  downstream  from  the  crest,  change  to  the 
depth  of  channel  opproach  and  modifications  to  the  upstream  slope  immedi¬ 
ately  adjacent  to  the  crest  itself.  The  crest  was  always  a  Creager  and  Justin 
shape. 
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The  zero  of  the  hook  gage  was  checked  with  quiet  water  in  the  pool .  The 
venturi  manometer  was  checked  at  zero  flow. 

Then  a  desired  flow  was  set  and  a  period  of  at  least  5  minutes  allowed  for 
levels  to  become  steady.  Two  readings  of  the  venturi  manometer  and  five  of 
the  head  gage  were  then  taken.  Another  flow  was  then  set  for  a  succeeding 
test. 


CALCULATIONS 

Q  =  K/T5 

where  Q  *  Discharge  in  cubic  feet  per  second 

K  =  Venturi  meter  constant  found  by  calibration 
D  =  Deflection  of  venturi -manometer  measured  in  feet  of  water 


For  the  spillway: 

Q  =  CBH3/2 

where  C  =  Discharge  coefficient 
B  *  Length  of  crest  in  feet 

H  =  Elevation  of  water  surface  in  pond  measured  above  spillway  crest 
elevation.  No  corrections  for  velocity  of  approach  was  made. 

The  Froude  model  relationships  were  used  in  this  test  since  gravity  and  inertia 
effects  predominate  in  spillway  flow.  Viscosity  effects  are  present  but  considered 
a  "scale  effect"  or  a  correction.  Viscosity  operates  to  give  a  slightly  reduced 
discharge  for  a  given  hfcad  in  the  model .  For  the  prediction  of  discharge  coef¬ 
ficient  the  model  discharge  is  therefore  a  little  less  than  what  will  be  attained  in 
the  prototype,  and  therefore  on  the  safe  or  conservative  side.  No  corrections  for 
viscosity  effects  were  made  in  these  results. 

The  model  ratio  is  taken  as  the  ratio  of  two  similar  lengths  in  the  model  and 
prototype  (subscripts  "m*"  and  "p"  respectively).  For  these  model  tests  the  rotios 
or  transfer  coefficients  for  the  various  quantities  are  as  follows: 


3. 


Quantity 

Model  Ratio 

Description 

Length 

R  *  15 

By  definition 

Head  (vertical  length) 

R  =  15 

By  definition 

Area 

R2  =  225 

Since  Area  =  (Length)2 

Volume 

R3  =  3375 

Since  Volume  =  (Length)0 

Velocity 

R!/2  =  3.873 

Since  Velocity  =  (2gH)  ^2 

Discharge 

r5/2=  871.4 

Since  Discharge  -  (Area)(veloci 

Roughness  "n" 

R]/6=  1.570 

From  Manning  Formula 

RESULTS 

A  number  of  tests  were  mode  during  the  study  which  hod  no  beoring  upon  the 
finol  results,  and  have  therefore  been  omitted  from  this  report. 


The  results  of  the  coefficient  tests  of  the  spillway  section  are  presented  in 
plotted  form  in  Figure  I . 

It  will  be  noted  that  the  coefficient  of  discharge  for  the  original  spillway 
section  was  found  to  be  3. 11  at  a  design  head  of  5  feet.  The  coefficient  of 
discharge  for  the  recommended  spillway  ("c"  points)  was  found  to  be  3.97  at 
the  head  of  6  feet.  This  is  an  increase  in  discharge  capacity  of  27%  per  foot 
of  spillway  length.  The  fact  that  this  coefficient  of  discharge  is  very  close  to 
the  normal  Creager  and  Justin  value  indicates  that  very  little  further  improvement 
is  possible.  The  desirable  hydraulic  design  indicated  by  these  tests  is  given  in 
Figure  2.  Briefly  the  reason  for  some  of  these  details  is  os  follows: 

1 .  The  spillwoy  crest  needs  a  1/7  slope  on  the  downstream  side  to  achieve 
the  high  value  of  the  coefficient  of  discharge.  A  flatter  slope  seriously  reduces 
the  discharge.  For  this  reason  the  crest  itself  must  be  located  near  the  down¬ 
stream  side  of  the  dam . 

2.  The  2  foot  depth  in  the  channel  approach  brought  the  flow  to  the  spill¬ 
way  crest  with  very  little  loss.  Shallower  depths  were  tried  with  a  reduction  in 
discharge  capocity. 
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4. 


3.  A  sloping  upstream  face  was  given  a  Creager  and  Justin  profile  to  reduce 
the  thrust  of  ice  pressure. 

4.  The  1/4  flare  of  the  sidewalls  at  the  entrance  to  the  short  spillway  channel 
was  shown  by  tests  to  provide  the  maximum  coefficient  of  discharge.  Straight  high 
walls,  or  straight  sloping  walls  for  the  flare  made  no  difference  in  the  discharge 
coefficient.  Other  degrees  of  flare  both  greater  and  less  than  the  1/4  showed 
larger  losses  and  lowered  discharge  performance . 

5.  After  every  effort  had  been  made  to  secure  the  maximum  discharge 
capacity  of  the  discharge  section  the  length  of  the  spillway  was  computed  from  the 
required  flow  capacity  (3000  cfs),  the  maximum  flow  coefficient  (3.95)  for  a  head 
of  6  feet  to  be  52  feet. 

There  is  no  allowance  for  wave  action  in  this  calculation  and  the  maximum 
discharge  of  3000  cfs  has  been  computed  with  the  water  level  at  the  top  of  the  dam . 
The  final  length  should  be  determined  in  conference  with  the  County  Engineer, 
taking  into  account  such  factors  as  the  effective  storage  on  the  Coes  Reservoir  water 
shed,  the  necessary  allowance  for  wave  action  and  the  possibility  of  raising  the  dam 
to  provide  for  the  added  safety  against  wave  action  rather  than  increasing  the  length 
of  the  spillway,  whichever  provides  the  most  economical  answer. 

The  general  arrangement  for  the  hydraulic  design  is  given  in  Figure  2,  and  the 
details  of  the  spillway  cross  section  shape  are  given  in  Figure  3. 


Very  truly  yours, 


L.  J.  Hooper 
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APPENDIX  E 

INFORMATION  AS  CONTAINED  IN 
THE  NATIONAL  INVENTORY  OF  DAP 


INVENTORY  OF  DAMS  IN  THE  UNITED  STATES 


MSTECTION IY  AUTHORITY  FOR  IWSKCTtOH 


